In this work, the uranium (U) content in sediment and soil samples collected near the Santos and São Vicente estuaries was determined using the fission track registration technique (SSNTD). The sediment and soil samples after oven-dried and pulverised were prepared in the solution form. About 10 ml of this solution was deposited on a plastic detector and irradiated at the IPEN-IEA-R1 (3.5 MW) nuclear reactor. After the irradiation and chemical etching of the plastic foils, the fission tracks were counted with a system consisting of an optical microscope together with a video camera and a PC. The U content in the analysed samples ranged from 3.12 + + + + + 0.55 to 18.3 + + + + + 1.2 ppm for sediments and from 3.21 + + + + + 0.63 to 11.5 + + + + + 1.1 ppm for soils or in terms of 238 U equivalent activity from 38.5 + + + + + 6.8 to 226 + + + + + 15 and 39.6 + + + + + 7.8 to 142 + + + + + 14 Bq kg 21 for sediments and soils, respectively. These results were compared with other values reported in the literature for sediments and soils collected in environments similar to the ones studied in this work. Most of the values obtained in this work are higher than the world mean and are in reasonable agreement with results found by other authors for sediments and soils from regions considered as polluted or with a high level of radioactivity.
INTRODUCTION
All living organisms are daily exposed to natural radiation that comes from the soils, waters, foods, building materials and from the cosmos usually designed as cosmic radiation. The main terrestrial sources of natural gamma radioactivity are 40 K and the radionuclides of the uranium (U) and thorium (Th) decay series. This natural radioactivity and the respective external exposition of the population depend primarily on the geological and geographical conditions of the region and in this way it has occurrence at different levels in the soil and sediments from all the regions in the world (1) . The transport processes that were involved among the several environment compartments as well as the chemical and biochemical interactions are other important factors that have influence in the pattern distribution of these radionuclides in the soil and sediments of a determined region (2) . Uranium (U) is the heaviest chemical element of natural occurrence and can be found in food, soils, waters, sediments and living organisms in trace quantities ( ppm). The techniques most usually employed to determine such small amount of U are: gamma spectroscopy, mass spectrometry, neutron activation analysis and nuclear fission track registration technique (SSNTD) (3) . Phosphate fertilisers applied to the agriculture soils usually contain high U content (up to hundreds of parts per million) due to natural occurrence of this element in phosphate rocks which are employed as phosphorous source in the production of these fertilisers. According to the origin and application form, the fertilisers can raise the occurrence level of U in the environment and, therefore, increasing the exposition of human beings to the radiation produced by U and its progeny (3) . The most important Brazilian fertiliser industries are located at the Cubatão county, São Paulo state (4) . They were installed near the Cubatão river basin, and the pollutant materials discharged by them may be producing a uranium accumulation in waters, sediments and soils of the estuarine region of Santos and São Vicente. The presence of U in large scale in these environment compartments can induce an accumulation in living beings and consequently to represent a potential radiological risk to the population of these areas. In this way, the knowledge of U content in sediments and soils is important not only to assess the uranium contamination level and the dose rate but also to understand the transference processes that have occurrence at different trophic levels of the food chain.
In a recent work (4) carried out in this estuarine region, it was observed that the uranium occurrence in sediments was higher for rivers when compared with samples from Santos and São Vicente Bay as well as from the channels of this region. However, it was not realised any assessment of U content for soils around the sampled sediment locals.
This work aims to determine the U content in sediment and soil samples collected throughout the Santos and São Vicente estuarine system using the fission track registration technique (SSNTD) as a preliminary contribution to assess the environmental contamination and the radiological health hazard to which the local population is being exposed.
MATERIALS AND METHODS
To determine the U concentration in sediment and soil samples, SSNTD technique was employed in a polycarbonate plastic named PCLIGHT (1 mm thickness) produced by Policarbonatos do Brasil S/A.
The study area is located in southwest Brazil, São Paulo state, which includes the counties of Santos, São Vicente, Guaruja e Cubatão ( Figure 1 ). The samples were collected either by dragging or manually with a stainless steel spoon, at a depth of 0 -10 cm, in the period from 2007 to 2008. All the samples (around 500 g each one) were stored in plastic vials previously washed with HNO 3 (2 %) solution to eliminate U impurities.
Initially, the samples were oven-dried, pulverised and submitted to a screening process using 63-mm plastic sieves. Following, the powder material was again oven-dried at 908C until a constant weight (+1 %) was obtained.
A known mass of about 40 mg dry weight from each powder sample was treated with acqua-regia solution (1HCl:3HNO 3 ), at a temperature around 1158C, during 6 h, in a digesting system. The resulting residue was diluted to a total volume of 25 ml without passing it to a filter, to avoid losses of uranium not dissociated in the digestion process. Aliquots of 10 ml of this solution were deposited on the plastic detector surface (1.2 cm 2 area) together with 5 ml of a Cyastat detergent solution (5 %, Cytec Industries) and evaporated under an infrared lamp (250 W) at an approximated temperature of 758C. The Cyastat detergent solution works as an electrostatic neutraliser reducing the droplet surface tension and making possible to obtain deposits with better homogeneity. All the resulting deposits of non-volatile constituents were covered with an extremely thin (about 20 mg cm 22 ) collodion film (isoamile acetate plus elastic collodion 1:1 in volume) to protect them against humidity and contamination (3) . A standard solution having known uranium content was prepared, in the same way as described above for the sample solution, in order to be used as neutron flux monitoring during the irradiations.
All the plastic films, containing the sediment, soil and U standard samples, were piled inside an aluminium rabbit (22 mm diameter by 70 mm height) usually employed for irradiations at IPEN-IEA-R1 (3.5 MW) pool-type research nuclear reactor (3) . To get a better neutron flux monitoring during irradiations, it was employed 10 U standard deposits distributed in two sets of five deposits, where one of them was placed at the upper and the other at the lower side relative to the sample deposits set.
The aluminium rabbit was placed near the reactor core for irradiation at a position EIRA 24B where the thermal neutron flux was about 1.2 Â 10 13 n (cm 2 s) 21 . The irradiation time employed for all samples was about 3 min.
After irradiations, chemical etching of the plastic detectors was carried out at 608C, for a time period of 60 min, in an NaOH (6 N) solution. For these chemical etching conditions, the fission tracks produced in the detectors presented the best visibility condition when observed in a common optical microscope. The fission tracks were counted scanning all the detector deposit area with a system consisting of a binocular optical microscope, at a magnification of Â400, together with a video camera and a PC (5) . For each sample, it was scanned at least four deposit areas in the plastic films and the final result was calculated by the average of the values obtained in the fission tracks counting.
RESULTS AND DISCUSSION
The accuracy of the analytical method employed in this work was determined using a sediment standard reference material from the International Atomic Energy Agency (IAEA-SEDIMENT 314). The certified reference material was prepared and analysed in the same experimental conditions used in the sediment and soil samples analysis. The results obtained for the uranium content in the reference material agree with the certificate data, within the experimental uncertainties and the maximum relative 
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difference between the values (method accuracy) was 14 %.
The average values found in this work for U content in sediment and soil samples from the Santos and São Vicente estuarine region are listed in Tables 1 and 2 , respectively. The overall uncertainties reported in these tables were determined taking into consideration the standard deviations (1s) of the average values obtained in the fission track counting for sample and uranium standard deposits.
Several authors have determined U concentration in environment samples employing gamma spectroscopy techniques and the results were, usually, reported in becquerels per kilogram for the 238 U isotope. In order to be possible a comparison of the present results with those reported by other authors, the average values were converted in equivalent activity for 238 U isotope and are listed in the last column of Tables 1 and 2 . These values were calculated using a conversion factor of 1.0 ppm ¼
Bq kg

21
, adopting an isotopic abundance of 99.27 % and half-life of 4.468 Â 10 9 y for 238 U (6) . According to Tables 1 and 2 , one can see that the mean U contents in soils and sediments from the estuarine region of Santos and São Vicente are approximately equal, within the calculated uncertainties. However, for most of the sampled areas, the U content is above the world mean concentration reported by UNSCEAR (7) as being 35 Bq kg 21 for 238 U isotope.
The uranium content intervals are compared with those of other authors for sediments and soils in Table 3 . As shown in the table, the values obtained in this work compare suitably with the intervals found by other authors for sediments and soils considered as polluted or having high natural radioactivity and are much higher than those reported for samples supposed to be not polluted or having normal radioactivity levels. Compared with the worldwide average concentration in soils, the present results were higher for most of the analysed samples, indicating a possible accumulation of U in Santos and São Vicente estuary which may due to geochemical processes and/or emission from Cubatão county industries, mainly residues from the fertiliser manufacturers. However, the small number of samples analysed in this work serves as only a preliminary indicator of environmental contamination, and a more representative sampling plan should be adopted to obtain a more comprehensive assessment of the uranium concentration distribution in that region.
The external gamma dose rates in air at any place can be determined from the concentration measurements of the relevant radionuclides in soil 238 U, 232 Th and 40 K of that local. According to UNSCEAR (7) , the conversion equation of specific activity ( (8) , any exposure above the natural background radiation should be kept as low as reasonably achievable, but below the maximum annual dose limit of 1 mSv for general public members.
CONCLUSIONS
The average U concentrations measured in this study for sediment and soil samples from the Santos and São Vicente estuaries were approximately equal within the reported uncertainties, indicating that no preferential route of U transfer could be identified for the study area from these preliminary sample results.
For most of the samples analysed, the U concentrations were higher than the world mean for soil and, in this way, uranium accumulation may be occurring by emission from the Cubatão county industries and/or by natural geochemical processes in the region.
The present U content interval determined in terms of 238 U equivalent activity for sediment and soil samples is, according to the results reported in the literature, compatible with those found in areas considered as polluted or with high level of natural radioactivity.
Considering only the average value obtained for 238 U in soil samples from Santos and SãoVicente estuarine region, the annual equivalent effective dose for the population is about 76 % of the total world average value.
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